To evaluate the quality of oil used to prepare French fries, fifteen samples of three different categories were collected from Dhaka city. Using solvent extraction method, oils were extracted from the samples. Fatty acid composition, color, peroxide value (PV) and free fatty acids (FFA) of the extracted oils were analyzed. It was found that soybean oil and palm oil were used for frying purpose. Majority of the samples (60%) had peroxide value more than 10 meqO 2 /kg with highest value of 17.57(±1.39) meqO 2 /kg. Average color score was found 53.17(±12.73), yellow score was 17.16(±3.79) and red score was 7.2(±3.27). FFA content of the extracted oils were 0.33(±0.29) with the highest value 1.828(±0.029). Fatty acid composition revealed that palmitic acid and oleic acid were the dominant fatty acid with the highest concentration of 43.71±3.39% and 49.54 ±3.6314% respectively. Trans fatty acid was found in 80% of the extracted oils, most frequent trans fat was trans linoleic acid (C 18:2 ) where as trans oleic acid (C 18:1 ) was found in highest concentration 3.7020 ±0.3448. PV and trans fatty acids revealed that the quality of oil used in low cost shops were lower than middle and high cost shops.
Introduction
French fries are deep-fat fried potato-based products prepared from potato strips. There is some controversy about the origin of French fries but there is no doubt that it is one of the most popular fast food in the world. Though it is not a traditional fast food, the availability of this snack even in road side vendor indicates the increasing popularity in Bangladesh.
Deep-fat frying is one of the most common techniques of food processing where foods are fried by immerging it into hot oil. Fats and oils act as effective heat transfer medium during the frying process, but a mass transfer with a significant uptake of frying oil into the fried product occurred during frying as well. At the same time loss of moisture, lipids, protein and carbohydrates also happened during this process. For instance moisture content of some potato products decreases from 80% to 50% after heating (Vitrac et al., 2000) . However, the main purpose of deep-fat frying is immerging the food in hot oil to minimize the loss of juice and flavor by the crisp crust as well as to introduce the roasted, fried aroma and their pleasant golden to brown color. This high temperature creates evaporation of water which moves away from food and through the surrounding oil. It is common practice that during deep-fat frying, frying fats and oils are repeatedly heated at high temperature and exposed to atmospheric oxygen and moisture at a high temperature of 150-190ºC (Krokida, et al., 2001) . Hence, they undergo many reactions which produces a number of degradation products such as free fatty acids (FFA), partial-and polymerized glycerides, short chain-, trans-, conjugated, cyclic fatty acids and further reaction products from the decomposition of hydroperoxides like aldehydes, hydroxy aldehydes and hydrocarbons have been identified from deep fat frying products. After the removal of the products from fryer after frying, a significant amount of oil is sucked into the products during cooling period. Major portion of the oil is located in the curst portion which leads to an increase of the oil content of French fries to about 10-15g/100 g oil in the finished products (Vitrac et al., 2000; Bouchon et al., 2003) .
*Corresponding author e-mail: alam806@yahoo.com Trans fatty acids (TFA) are unsaturated fatty acids which contain at least one double bond in the trans position. These trans form of fatty acids are more stable than cis double bonds and results from reactions where fats are heated for high temperature for long time (Moreno et al., 1999) . In recent years the concern with the increase intake of foods containing high TFA has grown because of the hazardous effects of these lipids on plasma lipoproteins which increase low density lipoprotein (LDL-c) and lipoprotein a(Lp[a]) levels and decrease the level of high density lipoprotein (HDL-c). This condition contribute to increase the LDL/HDL ratio which is considered as a significant sign of the risk of cardiovascular disease development (Ascherio et al., 1999; Hunter, 2005) . Therefore, it is necessary to reduce the amounts of dietary trans fat for maintaining healthy life.
Although plenty of research have been conducted on modifications of used frying fats and oils during heat treatment under different conditions, quality of oil absorbed by the fried food substrate have been much less studied. Therefore, this experiment designed to observe the quality of oil in fried products as well as to find the difference of oil quality in fried French fries from shops of different price.
Material and methods

Materials
French fries samples were collected from local shops. Based on the price of sample, shops were categorized into three groups, high cost (HC), medium cost (MC) and low cost (LC). After collecting, samples were brought to the laboratory of Oilseed and Lipid Technology Research section, Institute of Food Science and Technology (IFST), Bangladesh Council of Scientific and Industrial Research (BCSIR).
Oil extraction
In the laboratory the samples were cut into small pieces of about 1 cm 2 , 400 g of samples were placed in a conical flask, 500 mL of petroleum ether (Merck, Mumbai, India) was taken into the flask, shaked well for proper mixing and kept overnight for oil extraction. The solvent with oil was then filtered through filter paper, evaporated in water bath and the extracted oils were kept in sample bottle for analysis.
Peroxide value, acid value and color estimation Peroxide value
Peroxide value (PV) was estimated according to AOCS Official Method 965.33. Five grams (5±0.05g) of oil samples were weighed into a glass-stoppered Erlenmeyer conical flask and 30 ml of glacial acetic acid (Merck, Germany) -chloroform (RCI Labscan, Thailand) mixture in the ratio of 3:2, respectively, were added to the oil samples. Half ml saturated potassium iodide (KI) (Merck, Germany) solution was added to the solution and allowed to stand for 1 min thereafter, 30 ml of distilled water was added and titrated with 0.1 M sodium thiosulfate (Merck, Germany) solution using starch indicator until the blue color was discharged. A blank was prepared to correct the calculation. Peroxide value was calculated (Equation 1).
-------- (1) where V= mL sodium thiosulfate solution (blank corrected) and M= molarity of sodium thiosulfate solution.
Free fatty acid
Free fatty acid (FFA) was measured with a slight modification of AOAC (2005) . One to three gram (1-3g) of oil sample was weighed into a 250 mL conical flask and dissolved with 25 mL distilled ethanol was added. Two drops of phenolphthalein indicator were added to the flask and titrated to faint pink end point with 0.1 N potassium hydroxide (KOH) (Merck, Germany). FFA was calculated as equation 2. % FFA (as oleic acid) = --- (2) (where V = mL of potassium hydroxide and S= the strength of potassium hydroxide)
Color
Lovibond Tintometer instrument (Model F; Solisbury, Wilts, England) was used for color measurement. The color of the extracted oils were determined by comparison with standard colored glass in a Lovibond Tintometer using 1 inch (2.54 cm) cell. Extracted oils colors were expressed as the combination of yellowness and redness of measured by the instrument using the equation 3.
(where Y= yellowness and R= redness). 
Determination of fatty acid composition and trans fatty acid
Fatty acid composition of the extracted oils was determined as their methyl esters with a slight modification of method stated by Akabr et al. (2009) . In this method, few drops of extracted fat were dissolved in petroleum ether in a test tube and methylated by using sodium methoxide (Merck, Germany) in presence of flame. The solution was then diluted with distilled water and allowed to settle for few minutes until a clear portion was visible in the upper part of the tube. The upper layer of fatty acid methyl ester (FAME) was collected and used for GC-analysis.
Gas chromatography analysis
Fatty acid composition and trans fatty acids were analyzed with Shimadzu GC-14B (Japan) series gas chromatograph equipped with flame ionization detector and fused silica capillary column (FAMEWAX, Crossbond ® polyethylene glycol, 15m×0.25mm×0.25µm film thickness, Restek; Pennsylvania, USA). Splitless injection technique with nitrogen as carrier gas at a constant flow rate of 20 mL/min was used. Injector temperature was 250 o C, initial oven temperature was 150 o C and held for 5 minutes. Temperature was increased at 8 o C/min to 190 o C and then increased to 200 o C at a rate of 2 o C/min and held for 10 minutes. The fatty acids were identified by using respective fatty acid methyl ester standards (FAME mix; Sigma-Aldrich, St. Louis, Missouri, USA) and presented as relative percentage as done by the automated GC software (Class GC-10; Shimadzu; Japan).
Statistical analysis
The results presented are mean ± standard deviation obtained from the analysis of three samples. The difference between the mean value of the parameters were obtained by One-way analysis of variance (ANOVA) using SPSS 16.0 (SPSS 2007, SPSS for Windows, Chicago, Illinois, USA) statistically significant differences were reported at (P<0.05).
Results and discussion
A total of 15 samples of French fries collected from different part of Dhaka city were analyzed. Types and number of collected samples were: five samples from high cost brand shops; five samples from medium cost shops and five samples from road side venders which considered as low cost shops. Average oil content in French fries was found 13.50 (±2.20)% where the highest oil content was found in MC5 which was 17.39(±1.15)% and the lowest in LC2 10.33(±0.79)%. Table I showed the color value of the extracted fats from French fries. Total color score of extracted fats was found 53.17(±12.73), yellow score was 17.16(±3.79) and red score was 7.2(±3.27). Average total color score of medium cost shop had higher value 67.17(±1.55) than the others, the highest total color was found in MC3 117.15(±5.1) followed by MC1 81.68(±4.12) and HC1 70.90(±1.05). The lowest total color score was recorded in MC2, 14.05(±0.67) followed by HC5, 20.03(±1.05) and LC5 20.88(±1.05). In this experiment yellow unit was found highest in oil sample extracted from LC4 which was 42.7(±0.61), followed by MC4 29.77 (±1.02), HC2 27.03(±0.15) and MC1 24.13(±0.10). The lowest yellow unit was found in MC5 0.97(±0.06) followed by MC2 4.2(±0.10) and MC3 9.3(±0.26). Average yellow unit was highest in Low cost shops 21.19(±0.25) followed by High cost 16.61(±0.15) and medium cost 13.67(±0.49) shops. In case of red unit, highest value observed in extracted oil from medium cost shop MC3 which was 21.57(±0.49) followed by MC1 11.53(±0.35); HC1 11.4(±0.10) and HC3 10.07(± 0.60). Besides, lowest red value found in low cost shop LC 3, 0.9(±0) followed by HC 5, 2(±0.10) and LC 1, 3(±0.10). Average red value of oil from middle cost samples 10.7(±0.20) were higher than high cost 6.69(±0.07) and low cost 4.22(±0.11) samples.
Color value
Fresh fat/oil contains light yellow color which rapidly changes to orange brown color on heating. During heating at high temperature polymerization and oxidation occurs which change the color of oil/fat (Tan et al., 1985) . Average total color value of the extracted oils were much more higher than the total color value of soybean oil 1.50(±0.2) and palmoline 16.42(±1.03) which considered as the major cooking oil of French fries. The higher color value indicates the possibility of long time exposure of these cooking oils at high temperature for long time. Latha and Nasirullah (2014) also observed the same result who found a threefold increase in red units and fourfold increase in yellow units in rice bran oil after two hour of heating.
Peroxide value (PV)
Average PV of extracted fats was found 10.37(±2.47) meq O 2 /kg whereas, the highest PV was found in LC4 oil which was 22.4(±1.66) followed by MC2 17.57(±1.39); HC5, 16.61(±2.06) and MC3 16.24(±0.98). Table I showed that average PV of oils from high cost shops French fries were significantly lower than those of low and medium cost shops. The lowest PV was found in HC2 2.40(±0.03) followed by HC3 2.53(±0.07) and HC4 5.35(±0.13). Both low cost 11.92(±1.01) and medium cost 11.67(±0.60) samples showed PV more than the cutoff point to be used as cooking oil. PV shown in Table I revealed that majority of the extracted oils (eight samples out of 15) were below standard for cooking oil according to Bangladesh as well as FAO Standard (BDS 999:1982; BDS 909:1979; FAO/WHO 2009) .
PV is one of the most commonly used chemical test to assess the quality of fats and oils. It is an indication of level of deterioration of oil. PV of common refined vegetable oils are generally low which increases in storage at high temperature and during cooking at high temperature (Zahir, 2017) . During frying the producer add fresh oil with the existing oil in the pan and continue frying, at the end of the day they cool down the oil and keep it to fry products in the next day, which may increase the PV of the extracted oil. The same observation was also described by Clark and Serbia (1991) who found the oxygen solubility increase in the oil when the oil cools down from the frying temperature, which causes higher deterioration of oils than continuous heating. Yilmaz and Aydeniz (2011) found peroxide value 12.74±2.23 in frying oil collected from fast food restaurant. Latha and Nasirullah (2014) observed gradual increase of PV in rice bran oil up to 2.9 meqO 2 /Kg during heating at frying temperature for 6 hours. This observation also supports the statement of Tabee et al. (2008a) who found PV of different oils around 5.5 after 6 hours of heating at 180±5°C. In this study, the higher PV of oils indicates long time exposure of these oils to heat at higher temperature.
Free fatty acid (FFA)
Free Fatty Acid (FFA) is another important parameter used for the evaluation of suitability of frying oils for human consumption. Oil quality has an inverse relationship with the free fatty acid content. Generally, fatty acids are found in the triglycerol form which hydrolyzes in the presence of water to form these acids. During frying the formation is facilitated by Quality of oil used to prepare French fries 53(2) 2018 120 an increased rate of hydrolysis. Table I shows the percent (%) FFA of the extracted oil as oleic acid. FFA content of the extracted oil ranged from 1.828% to 0.031%. The highest FFA content was found in a sample of high cost shop (HC1) 1.828(±0.029) followed by LC1 1.49(±0.015) and HC3 0.848(±0.023), where as the lowest FFA content was found in MC4 sample 0.031(±0.003). Average FFA content was also found higher in high cost samples 0.657(±0.013) than Medium cost sample and 0.182(±0.007) and low cost sample 0.146(±0.009). The FFA content of common cooking oil are generally low for instance palm olein 0.15%, rice bran oil -0.08%, soybean oil -0.05%, rapeseed oil 0.04% which increase over time and exposure to high temperature (Chen, 2012) . The high level of FFA percentage of oils extracted from French fries indicates the lower quality of the used oil that may caused by long time exposure of these cooking oils to high temperature. This statement also supported by the findings of Tabee et al., 2009 , who observed a linear increase in FFA formation with time and the FFA concentration doubled after 5 frying operation.
Fatty acid composition
Saturated fatty acid (SFA): Table II shows the saturated fatty acid composition of the extracted oils from French fries collected from different shops in Dhaka city. SFA found in extracted oils were lauric acid (C 12:0 ), myristic acid (C 14:0 ), palmitic acid (C 16:0 ), stearic acid (C 18:0 ), and arachidic acid (C 20:0 (LC3) shop, whereas lowest palmitic acid and stearic acid were found in LC4 and MC3 shops respectively. Myristic acid was found in 80% of the sample but the concentration was below 1% of the total SFA. Lauric acid and arachidonic acid were found in trace amount in 53% and 67% of the samples respectively.
In this study, it is found that palmitic acid (C 16:0 ) was the dominant fatty acid in 60% of the extracted oils, which indicate that majority of the French fries were cooked by palm oil as the major ingredient of palm oil is palmitic acid. From the table it is found that 80% of low cost shops, 60% of medium cost shop and 40% of high cost shops used palm oil. Tabee et al., (2008b) described that palm oil is most commonly used for the preparation of fried potato products, which also support the finding of the present study. Though most naturally occurring fatty acid double bonds show a cis configuration, TFA are found in a good number of refined fats and oils in trace level whcih increased by partial hydrogenation of fats (Destaillats et al., 2002) . Phuong and Siwarutt (2013) found an increase of TFA concentration in palm olein from 0.22% to 0.36% in first 5 days at 180°C, where as some experiments showed opposite results. Przybylski and Aladedunye (2012)observed that common frying process at about 170-180°C do not increase the TFA content to a high extent. Tsuzuki et al. (2010) found no change in concentration of TFAs in six vegetable oils, including cooking oil like canola oil, corn oil, rice bran oil, safflower oil, and sesame oil after four hour of heating. In this experiment, it was found that 80% of the extracted oil contained trans fat, 40% of the oils had trans fat more than 2%, which indicates the health risk of the consumers who ingest French fries on regular basis.
Conclusion
Fatty acid composition showed that the frying medium of 60% of the French fries were palm oil and for 40% case, the medium was soybean oil. No significant difference has found among the three different price groups for free fatty acid (FFA) color value, saturated datty acid (SFA), mono unsaturated fatty acid (MUFA), poly unsaturated fatty acid (PUFA) and trans fat. peroxide value (PV) of oils extracted from high cost shops' French fries is significantly lower than low cost and medium cost shops' French fries.
